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摘  要 
ii 
向 Q1 溶液中分别加入果糖和葡萄糖后进行 pH 滴定实验，果糖全程未能在长波
长处产生新的荧光发射峰，葡萄糖引入则可以在 510nm 处观察到 excimer 发射。
动态光散射实验揭示了此时聚集的颗粒较未加葡萄糖时更大，说明聚集的模式因
为葡萄糖与硼酸 1：2 结合而发生变化，使聚集更为有序，芘基之间发生有效堆
积从而形成 excimer。pH 10.0 水溶液中进行糖滴定，葡萄糖产生了独一无二的长
波长响应，但是果糖仍能竞争硼酸位点而对检测产生影响。因此吴欣提出
“knock-out”的概念，以苯硼酸掩蔽果糖，使溶液中的葡萄糖能够更好结合 Q1。
Q1 对葡萄糖的检测性能可与目前 好的葡萄糖化学传感器比拟。 
第三章介绍含硼酸基团的苝衍生物 Q2，能够通过诱导自组装表达糖分子的
手性信息。Q2 的设计原理在于以较短的连接臂连接硼酸和荧光团获得较 Q1 紧
凑的结构，两侧阳离子的引入能够改善组装单元苝的水溶性，化合物通过简单的






糖都能产生 CD 信号， CD 信号方向与糖环羟基的取向具有相关性。较为意外的
是改变缓冲液中甲醇的含量能够获得构型相反的聚集体，核磁共振波谱实验表明
硼酸-葡萄糖络合物的手性变化是促使聚集体手性翻转的重要原因。应用 Q2 的
荧光光谱和 CD 光谱，可实现对葡萄糖浓度和对映体过量（e.e.）的检测。 
第四章属电分析化学范畴，自组装方法应用于玻碳电极表面的修饰，分析对
象为茜素红 S（ARS）和多巴胺等儿茶酚衍生物。长链溴代烷烃与吡啶硼酸通过
酸碱反应得到表面活性的 Q3，对离子六氟磷酸根进一步降低 Q3 的水溶性。简
单的蒸涂即可使Q3于电极表面自发形成单层膜。首先研究了Q3与ARS的作用。
ARS 的电化学反应有两个典型的双电子双质子过程，与硼酸结合后其中的一对
反应被抑制。DigiSim 拟合和 Laviron 方程对表面电子迁移速率分析都说明 Q3
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结合常数为 K = 1.3 × 105 M-1。儿茶酚所形成硼酯在 0.66V vs. SCE 产生特殊的氧
化峰，可资定量分析多巴胺等衍生物的结合，获得的结合常数为儿茶酚（8.4 × 104 























Molecular recognition lies at the very heart of supramolecuar chemistry. Nature 
existing biological systems have evolved with exquisitely constructed active-binding 
sites, sequestering guest molecules with near perfect selectivity. Selectivity arises 
between compounds with carefully matched electronic, geometric and polar elements. 
Synthetic receptors are engineered for any chosen analyte through judicious structural 
design and functional group complementary. Nevertheless, the major obstacle faced 
by synthetic receptors is that of solvent competition, e.g. neutral guest may become 
heavily solvated in aqueous system. In overcoming this hurdle, the reversibly 
convalent interaction between boronic acids and diols has proved hugely 
advantageous and sensors employing boronic acid to recognize saccharides has 
boomed since the first example was developed in 1992. 
The research in the area of boronic acid based saccharide sensor, particularly in 
the past few years, has led to a significant advance in the understanding of the basic 
science behind the generic mode of this class of recognition event. Nevertheless, the 
more exquisite sensors were designed with absolute selectivity, the more challenges 
were imposed before organic chemists. In this thisis, concept of self-assembly was 
incorporated in the saccharide sensor design. Aggregates of building-blocks evolved 
upon interaction with the polyols, in a fashion the complex reached its optimal 
conformation. Signals of particular interest can thus be obtained for analytical 
purpose. 
This thesis consists of four chapters. 
In the first chapter basic knowledge of boron chemistry with diol was briefly 
introduced, as well as the research progress of saccharide sensing based on boronic 
acid receptors. Several distinct examples were grouped by their design rationales. 
Research in chiral self-assembly was also introduced in this chapter, including but not 















Chapter 2 reports selective sensing of glucose using monoboronic acid Q1. Q1 
was easily synthesized and readily dissolved in basic solution as aggregate. pH 
dependent fluorescence spectroscopy revealed that excimer emission at ca. 510 nm 
was generated in the presence of glucose, whereas not the case for fructose. We 
supposed that aggregation was strengthened when glucose interacted with two Q1s, 
which brought pyrenes into close proximity, resulting in ordered arrangement. This 
was also supported by significantly enlarged particle size in DLS experiment. Thus 
glucose can be discriminated from other saccharides by monitoring ratiometric 
fluorescent signal. The selectivity for glucose was improved by “Knock-Out” binding 
of fructose in the presence of excess phenylboronic acid. 
Bolaamphiphilic perylenyl receptor Q2 was introduced in Chapter 3. Two-carbon 
linker lies between phenylboronic acid and parent core perylene to give more rigid 
structure than Q1. Q2 existed in equilibrium between monomer and aggregate in 
methanol-pH 10 carbonate binary solvent, which was readily shifted upon addition of 
glucose. Exciton-coupled CD signal was observed with aggregates induced by 
D-glucose, even with D-fructose, D-galactose and D-mannose. Surprisingly chirality 
was inverted when the buffer solution contained methanol of high content, which 
might be ascribed to isomerization of glucose-boronic acid complex. Q2 aggregates 
showed linear response to e.e. of glucose and fructose. Concentration of glucose in 
urine could be read out. 
In the last chapter, long alkyl surfactant Q3 bearing boronic acid was synthesized 
and self-assembled monolayer of Q3 formed spontaneously on glassy carbon 
electrode. The mono-layer acted as an active receptor for 1,2-dihydroxy-benzene 
(catechol) derivatives in aqueous media. The ability to bind alizarin red S was 
investigated and the Langmuirian binding constant determined as a function of pH. It 
was shown that the immobilised boronic acid mono-layer acted as sensor film for a 
wider range of catechols with positively shifted oxidation peak at 0.66V vs. SCE. A 
comparison of Langmuirian binding constants for alizarin red S (1.4 × 105 mol-1 dm3), 
catechol (8.4 × 104 mol-1 dm3), caffeic acid (7.5 × 104 mol-1 dm3), dopamine (1.0 × 104 















hydrophobicity and electrostatic interaction causes considerable selectivity effects. 
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